ABSTRACT: This study aims to identify correlations between growth variables and the Dickson quality index in seedlings of Eucalyptus grandis and Pinus elliottii var. elliottii. The experiment was conducted in a greenhouse and the following variables were observed: stem base diameter, shoot height, number of leaves, leaf dry matter, stem base dry matter, root dry matter, shoot dry matter, total dry matter, ratio of shoot dry matter to root dry matter and ratio of shoot height to stem base diameter in E. grandis 60, 75, 90, 105 and 120 days after seedling emergence, and in P. elliottii 25, 50, 75, 100, 125, 150 and 175 days after seedling emergence. Using Pearson correlation and also path and regression analyses, correlations were analyzed between observed variables according to day after emergence and the Dickson quality index. Stem base diameter was found to have stronger correlation with days after emergence in comparison to shoot height, in both species. Root dry matter was found to have stronger correlation with the Dickson quality index. Stem base diameter was the most suitable parameter to indicate seedling quality due to its higher correlation level with the Dickson quality index. Shoot height was only effective to indicate seedling quality if analyzed together with stem base diameter. Variables relating to dry matter showed the highest correlations with the Dickson quality index (DQI), followed by stem base diameter. Conversely, number of leaves showed the poorest correlations with DQI, followed by seedling height.
INTRODUCTION
Production of forest seedlings is one of the most important stages in the establishment of forest stands as it strongly affects forest yield. A successful, high yielding stand is closely dependent on the quality of planted seedlings, which should be capable of resisting adverse field conditions and grow into trees with an economically desirable volume (GOMES et al. 2002) . One of the problems faced by producers of forest seedlings involves being able to pinpoint characteristics with which to anticipate seedling size and performance in the field. This type of analysis, according to Reis et al. (2008a) , is often intuitive and lacks an appropriate definition to explain seedling survival and growth requirements. Therefore, understanding existing correlations between morphological parameters is key to BINOTTO, A. F. et al.
identifying the best production methods and planting seasons to ensure good quality seedlings (REIS et al. 2008b) .
Several variables are used to evaluate seedling quality, including shoot height, root configuration, stem base diameter, ratio of shoot to root, ratio of stem base diameter to shoot height, dry and fresh matter weight of shoot and root, shoot stiffness and nutritional aspects (PAIVA & GOMES 1993) .
The correlation between seedling height and shoot dry matter weight is an element to consider, due to their good relative contribution toward the seedling quality pattern (GOMES et al. 2002) . These authors report that the lower the ratio of height to shoot dry matter weight, the more lignified the seedling and the greater its field survival capability. Wendling et al. (2005) demonstrated that rating seedlings according to height class has been widely used in commercial nurseries, facilitating fertilization and irrigation management, particularly to stimulate the growth of smaller seedlings. However, Fonseca et al. (2002) argue that variables used for evaluating seedling quality should not be studied separately, that way avoiding the risk of selecting higher and yet weaker seedlings while discarding smaller, sturdier ones.
The Dickson quality index -DQI (DICKSON et al. 1960 ) is a tool to evaluate seedling quality as a function of total dry matter (TDM), shoot height (SH), stem base diameter (SBD), shoot dry matter (SDM) -sum of stem base dry matter and leaf dry matter -and root dry matter (RDM), and is given by the expression: DQI is considered a promising integrated measure of morphological traits (JOHNSON & CLINE 1991) and thought to be a good indicator of seedling quality as its calculation computes robustness and biomass distribution while considering several important parameters (FONSECA et al. 2002) .
Given the above, this work aims to identify the relationship between morphological growth variables and the Dickson quality index so as to predict seedling quality in Eucalyptus grandis and Pinus elliottii. Assessed variables included stem base diameter (mm), shoot height (cm), number of leaves (NL), leaf dry matter (LDM), stem base dry matter (SBDM), root dry matter (RDM), shoot dry matter (SDM), total dry matter (TDM), ratio of shoot to root (RSR), ratio of shoot height to stem base diameter (RHD) and Dickson quality index (DQI). To obtain dry matters, each component (leaves, stem base, roots) were placed separately in paper bags and oven dried at 75° to 80°C for 72 h, with values expressed as g plant -1 . After each data collection, remaining seedlings in tray 1 were rearranged so as to verify the influence of improved light and aeration conditions on seedlings. In tray 2 -the tray with full competition, that is, with no seedling removal -, also containing 224 and 233 seedlings of E. grandis and P. elliottii respectively, assessed variables included stem base diameter (SBD in mm), shoot height (SH in cm) and number of leaves (NL), selecting the same number of seedlings as in tray 1.
MATERIAL AND METHODS

This
Correlations between growth variables ...
The Pearson linear correlation analysis was applied between all observed variables, and correlation coefficients were broken down into direct and indirect effects through path analysis (CRUZ & CARNEIRO 2003) , with DQI set as dependent variable.
A multiple linear regression analysis of DQI was conducted as a function of independent variables shoot height, stem base diameter and days after emergence. For E. grandis, number of leaves was also used as an independent variable. A simple linear regression analysis was also conducted, always computing days after emergence as independent variable, in full and varied competition. These analyses enable identifying, among non-destructive testing variables, those with stronger correlations with DQI and days after emergence, allowing estimations of seedling quality on the basis of time spent in the nursery.
To select the best regression models, higher adjusted coefficient of determination (R²aj), lower coefficient of variation (CV%) and lower mean standard error (Syx) criteria were used. A 5% probability level was adopted in all statistical analyses.
RESULTS AND DISCUSSION
All correlation coefficients were positive and significant (Table 1) . In Pinus elliottii, variable height showed a higher correlation with other variables in comparison to Eucalyptus grandis. Variable number of leaves in E. grandis showed lower correlation coefficients, demonstrating a degree of unreliability in using it as an indicator of seedling quality. Root dry matter proved highly correlated with DQI, DAE, SBD, TDM, SBDM and LDM, in both species. According to Hermann (1964) , root dry matter is acknowledged to be one of the best and most important variables for determination of survival and establishment of field seedlings, validating the significant relationship obtained in this study.
While studying seedlings of Schinus terebinthifolius Raddi, José et al. (2005) observed that root growth potential was significantly correlated with stem base diameter, agreeing with results obtained here, where stem base diameter was the variable most strongly correlated with the others, a result also shared by Johnson & Cline (1991) .
Ratio of shoot dry matter to root dry matter can be considered an effective, safe index to evaluate seedling quality, as described by Parviainem (1981) , as that correlation was found positive and significant (Table 1) upon analysis of the Pearson correlation coefficient for SBDM and LDM with RDM.
Stem base diameter was found to be strongly correlated with all parameters, along with root dry matter, both in E. grandis and in P. elliottii. In fact, the architecture of the root system directly influences seedlings in that the greater the root area for nutrient absorption, the more positive the growth behavior. Thus stem base diameter along with root dry matter come as key morphological variables for determination of seedling quality, higher values corresponding to increased root volume, a result also shared by Daniel et al. (1997) with seedlings of Acacia mangium.
Significant correlations were found between the Dickson quality index (DQI) and variables height, stem base diameter and days after emergence, indicating a satisfactory outcome due to the fact that the assessment of these variables has a non-destructive nature and thus facilitates and enables experimentation in forest nurseries. While studying seedling quality in Trema micrantha (L.) Blume, Fonseca et al. (2002) reported that DQI is highly correlated with all morphological parameters, agreeing with results in this study. Table 1 shows a tendency toward higher correlation coefficients for P. elliottii than for E. grandis, with special mention of DAE and SBD.
The degree of multicollinearity was considered weak, despite the significant correlations, allowing the use of all variables. Irrespective of the species, RDM followed by LDM showed the strongest direct effects while other variables, the strongest indirect effects, affecting estimations of direct effects with DQI (Table 2 ). This behavior demonstrates that in reality these variables are the true indicators of seedling quality.
Correlations of RDM and LDM with height and stem base diameter are of extreme importance. With these positive significant correlations it can be said that height and stem base diameter are indicators of RDM and LDM estimations.
The above statement is based on Table 3 results, where higher scoring equations, thus indicating better estimations, were those having height and stem base diameter as independent variables (equations E6, E1, E5 and E2 for E. grandis, and P3, P2, P7 and P5 for P. elliottii).
Days after emergence (DAE) was another very important variable in high scoring equations, showing that throughout the seedling cycle there is an increase in the values of all other variables and, consequently, in seedling quality. As regards E. grandis, equation E2 came fourth BINOTTO, A. F. et al. (Table 3) , with independent variables DAE and SBD and R² aj = 0.8025, very close to the highest scoring equation E6, with R² aj = 0.8248. However, E6 includes variable NL. Models suggested as second and third best scoring models -E1 and E5 respectively -also include SH. It is thus suggested that model E2 be selected for the reason that, among the four best scoring models, it is the easiest to obtain and because its R²aj, CV% and Syx values are very close to the highest scoring model (E6 = 39).
Model E11, in which DAE individually explains DQI, is not suggested, as it comes last but one in scoring, reinforcing the fact that DAE can be accepted along with SBD as an independent variable to explain DQI. Also, SH as an independent variable to individually explain DQI (model E12) showed the poorest score out of the 13, it being a great risk to use it individually to explain DQI. To a certain degree, this result relates to assertions made by Gomes & Paiva (2004) , who reported that using shoot height as sole criterion to evaluate seedling quality in forest species can prove deficient where a high performance is expected from them.
As regards P. elliottii, the best scoring model, P3, is related to independent variables DAE and SBD and is considered one of the easiest to obtain (Table 3) . According to Gomes & Paiva (2004) , stem base diameter, being easily measurable, is considered by many researchers a critical parameter for estimating field survival of forest seedlings. According to these authors, in several forest species, the quality standard of seedlings ready for planting has a high correlation with said parameter, and that can be verified by Gomes et al. (2002) , suggesting that SBD, whether measured in isolation or in combination with SH, was an important morphological trait to predict seedling quality in forest species. It should be noted that SBD appears as independent variable in all four best scoring models, it being of great importance, as with E. grandis, disregarding plant matter. The reliability of DAE in isolation to explain DQI is poor, as model P4 obtained the second lowest score. In analyzing model P1 (Table 3) , SH proved unreliable to explain DQI, as this model obtained the lowest score, similarly to E. grandis. In comparing the effects of different competition types, best model fits were obtained for varied competition, irrespective of the species (Table 4) . This can be explained by the fact that varied competition allows more room between seedlings throughout the development cycle, allowing better light absorption than full competition and favoring more evenly distributed diameters.
As for SH in full competition, seedlings tended to show an irregular growth pattern while striving for light absorption, and this behavior caused them to differ, with sturdier seedlings outstripping weaker ones, characterizing dissimilar behavior in comparison to varied competition, in both species. This result can be confirmed by observing that in both species the analysis of height in full competition derived a smaller R² value and a
Eucalyptus grandis
Full competition
Varied competition higher Sxy value than in varied competition, indicating greater variability in growth pattern.
---------------------------------------------------------SH vs DAE -----------------------------------------------------------
Pinus elliottii
Full competition Varied competition ---------------------------------------------------------SBD vs DAE -----------------------------------------------------------
----------------------------------------------------------SH vs DAE -----------------------------------------------------------
The correlation of SBD with DAE was better evidenced with estimations from linear equations for the relevant species (Table 4) , which, in comparison to other equations, having height and number of leaves as dependent variables, in eucalyptus, those correlating SBD with DAE showed best fittings. This indicates that, in order to verify the degree of seedling quality, stem base diameter is the non-destructive testing variable that best expresses this characteristic, in other words, the larger the diameter, the greater the shoot dry matter volume and the higher the DQI value, indicating better quality.
CONCLUSIONS
Dry matter variables are the most strongly correlated with the Dickson quality index (DQI), followed by stem base diameter.
Number of leaves is the variable showing the poorest correlation with DQI, followed by seedling height.
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